Introduction: Polymorphisms of the vitamin D receptor (VDR) gene have been investigated in various case-control studies to evaluate prostate cancer susceptibility; however, published data on the association between vitamin D receptor gene FokI polymorphism and prostate cancer risk are inconclusive. Material and methods: To assess the impact of vitamin D receptor gene FokI polymorphism, we performed a meta-analysis of eligible studies including 9,720 patients and 9,710 control subjects. Results: The overall results indicated no obvious association of this variant on prostate cancer risk. However, in subgroup analysis by ethnicity, positive associations existed in Caucasian descendents for allelic contrast (OR = 1.03, 95% CI: 1.00-1.06, p heterogeneity = 0.552, p = 0.026) and the dominant genetic model (OR = 1.03, 95% CI: 1.00-1.05, p heterogeneity = 0.856, p = 0.032). In the subgroup analysis by tumor stage, there was a significant association between this variant and advanced prostate cancer under the recessive genetic model (OR = 1.15, 95% CI: 1.01-1.32, p heterogeneity = 0.469, p = 0.032). In the subgroup analysis by source of control, association of the VDR FokI polymorphism and prostate cancer susceptibility was also found in population-based studies under homozygote comparison and the recessive genetic model. Conclusions: The VDR FokI polymorphism may contribute to the risk of developing prostate cancer in Caucasian and population-based studies. Further large, well-designed studies are warranted to confirm this conclusion in more detail.
Introduction
Prostate cancer (PCa) is one of the most commonly diagnosed solid neoplasms in the male population [1] . In the United States, prostate cancer is the second leading cause of carcinoma deaths among males, with an estimated 192,000 new cases and 27,000 deaths in 2009 [2] . In European countries, it is recognized as the most common solid tumor, with an incidence rate of 214 cases in every thousand men, outnumbering lung and colorectal cancer [3] . Although epidemiological research indicated that the incidence of prostate cancer in Asians is much lower than that in the USA and European countries, the incidence and mor-tality rate of this disease have rapidly increased among Chinese men [4, 5] . Data from the Global Estimates of Cancer indicated that the age standardized incidence rate of PCa in China was 4.3 per 10,000 males in 2008 [6] . With the improvement of diagnostic techniques and the aging of the population, morbidity and mortality of PCa show an increasing trend. So far, many factors including lifestyle, environment and race have been demonstrated as possible contributors to the risk of PCa [1] . However, the etiology of PCa remains unclear for the reason that a complex interplay between genetic and environmental factors is involved in the development and occurrence of PCa.
The human vitamin D receptor (VDR), located on chromosome 12q12-q14, is a nuclear receptor gene with 75 kb and consists of 11 exons and 11 introns [7] . VDR acts as a ligand-dependent transcriptional factor found in various types of tissues (including the prostate) by the interaction with vitamin D [8] . It has been found that 1,25-dihydroxyvitamin D 3 [1, 25(OH) 2 D 3 ], the active form of vitamin D, could enhance immune regulation, promote cell differentiation and inhibit tumor invasion and metastasis via the biological effects mediated by VDR in the prostate [9] [10] [11] . Therefore, a less active VDR could be associated with either a more aggressive disease or increased susceptibility to cancer risk [12] . Studies have shown that several single-nucleotide polymorphisms (SNPs) of VDR, which potentially affect the receptor binding of 1,25(OH) 2 D 3 , may influence vitamin D biological activity and confer susceptibility to prostate cancer [13] . Among them, the most commonly studied SNP is the restriction fragment length polymorphism of FokI, which is detected by the endonuclease FokI. The FokI located on the coding region (exon 2) of the VDR gene results in production of a VDR protein three amino acids longer [14] .
A number of epidemiological studies have been carried out to explore the association between VDR FokI polymorphism and prostate cancer risk. However, the results of these studies remain controversial rather than conclusive, possibly because of conflicting results from different case-control studies. In 2006, Berndt and his group [15] performed a meta-analysis and found no statistically significant association between the FokI polymorphism and PCa risk. Ever since, new studies have provided additional data correlating with the VDR variants. Therefore, in this meta-analysis, the most up-to-date accumulated data from all eligible studies published were utilized to obtain a summary result of the association between the VDR FokI polymorphism and PCa susceptibility .
Material and methods

Search strategy and identification of relevant studies
PubMed, Web of Science and Embase database searches were carried out using the following terms: 'vitamin D receptor' or 'VDR', 'prostate cancer' and 'polymorphism' or 'variant' (last search updated on August 25, 2015) . References of the relevant paper and retrieved articles were also identified by a manual search. Eligible studies had to meet all the following inclusion criteria: (a) uses an unrelated case-control design; (b) includes available genotype frequencies; (c) research published in English; (d) provides sufficient data to calculate the odds ratio (OR) with 95% confidence interval (CI).
Data extraction and quality assessment
Data were collected on the genotype of VDR FokI according to prostate cancer. For each publication, the data extraction was carried out by two of the investigators independently according to the inclusion criteria above. Disagreement was to be resolved through a discussion between two authors. If they could not reach a consensus, the problem was to be discussed comprehensively by all investigators. Furthermore, eligible studies containing information about clinical stage of PCa were divided into two groups: localized and advanced (including cases with bone metastasis). Information from enrolled studies was extracted as below: first author's name, year of publication, ethnicity of subjects, sources of controls, sample size in cases and controls, number of cases and controls with wild type and variant allele, and p-value for Hardy-Weinberg Equilibrium (HWE).
Statistical analysis
Odds ratios (ORs) with 95% CIs were used to assess the strength of association between the polymorphism in VDR FokI and prostate cancer risk. Five genetic contrasts were used to evaluate the association: allelic contrast (f allele vs. F allele), homozygote comparison (ff vs. FF), heterozygote comparison (Ff vs. FF), dominant genetic model (ff + Ff vs. FF) and recessive genetic model (ff vs. Ff + FF). Stratified analyses were performed by ethnicity and source of controls (hospital-based, population-based and benign prostatic hyperplasia (BPH) based). The pooled ORs for the risk were calculated using the random effects model and fixed effects model. Heterogeneity assumption was assessed by the c 2 -based Q test among the studies. The data were evaluated using random-effects models (the DerSimonian and Laird method) [37] in the presence of heterogeneity (p < 0.05) and fixed-effects (the Mantel-Haenszel method) models [38] were performed in the absence of heterogeneity (p > 0.05). The HWE was calculated by the Pearson c 2 test for goodness of fit. The Z-test was performed to evaluate the statistical significance of the summary OR; a p-value of < 0.05 was considered significant. The statistic of I 2 was also used to test the heterogeneity, with I 2 > 75%, 25-75% and < 25% to represent high, moderate and low degree of inconsistency, respectively. Significance of the intercept was determined by the t-test as suggested by Egger (p < 0.01 represents a statistically significant publication bias) [39] . All the statistical analyses were conducted using STATA version 10.0 (Stata Corporation, College Station, TX).
Results
Study characteristics
A total of 21 articles (including 25 case-control studies) that met all the inclusion criteria were enrolled in our study ( Figure 1 ). Characteristics of the eligible studies are summarized in Table I . In general, 9,720 prostate cancer patients and 9,710 control subjects concerning the VDR FokI polymorphism were assessed. In the subgroup of ethnicity, 14 were carried out in Caucasian descendents, three were in Asian descendents, three studies were in Arabians and three in African-Americans. Only one article was in Spanish descendents. Hospital-based controls were carried out in 18 of these studies. The classical genotyping method called polymerase chain reaction-restriction fragment length polymorphism (RFLP) was used in 13 comparisons. Five studies performed TaqMan real-time polymerase chain reaction (PCR).
Quantitative synthesis
When all the eligible studies were pooled into the meta-analysis (Table II) 
Publication bias
Egger's test and Begg's funnel plot were carried out to evaluate the literature's publication bias. No obvious evidence of publication bias was found (f allele vs. F allele, t = -2.30, p = 0.031, Figure 6 ; ff vs. 
Discussion
Genetic susceptibility of solid tumors has led to growing attention to polymorphism studies of genes involved in the pathogenesis of carcinogenesis. Accumulating data have provided evidence that a low level of vitamin D is a risk factor for prostate cancer [40] [41] [42] . The vitamin D receptor, a significant regulator of the vitamin D pathway, could regulate conversion of serum 25(OH)D into the active hormone 1,25-dihydroxyvitamin D and mediate downstream transcription of a series of target genes [43] . Thus the FokI polymorphism of the VDR gene, encoding key proteins in vitamin D metabolism, has been chosen as a candidate polymorphism for prostate cancer susceptibility [44] . Nowadays, there is an increasing number of studies evaluating the FokI polymorphic variants of the VDR gene in prostate cancer susceptibility [45, 46] . Nevertheless, the association between this polymorphism and prostate cancer risk remains conflicting. Meta-analysis is used to combine the previous results to yield the most reliable and comprehensive conclusion because the individual research was too minor to achieve a valid conclusion [47, 48] . In this article, novel case-control studies from the last years were enrolled and a meta-analysis containing 9,720 prostate cancer patients and 9,710 controls from 25 independent case-control studies was performed.
Ethnicity is a significant biological factor which may affect the VDR functions via gene-gene interactions. When all the eligible studies were pooled into the meta-analysis, no obvious association of the VDR FokI polymorphism and prostate cancer Table I 0.145911 1 6.85345 Risk ratio risk was identified. However, in subgroup analysis by ethnicity, positive associations existed in Caucasian descendents (under the allelic contrast and dominant genetic model) but not in Asians, Arabians and African-Americans. Furthermore, in the analysis stratified by source of control, this VDR FokI variant was observed to increase the prostate cancer susceptibility in population-based studies (in homozygote comparison and the recessive genetic model), while no positive association was found in hospital-based and BPH-based controls. Nevertheless, some limitations of this pooled analysis ought to be addressed. The first limitation is the insufficient number of cases when specifying various ethnic backgrounds of prostate cancer. Only three studies were based on Asian [19, 34, 35] and Arabian descendents [16, 17, 28] . Second, some risk factors including age, smoking exposure, drinking, and family history were absent in this study. We tried to evaluate the gene and environment interaction effect on the susceptibility to prostate cancer. Unfortunately, the available data were not sufficient. Third, it has been suggested that positive results tend to be published faster than those with a 'negative' conclusion, which may need longer time to be accepted in time-lag bias [49] . In addition, combined interaction of multiple gene polymorphisms may have a stronger association with prostate cancer susceptibility, which is beyond the detection capacity of the present analysis.
On the other hand, the present meta-analysis has some key advantages compared with individual case-control studies. First, substantial numbers of cases and control subjects were enrolled from a variety of studies, which can significantly enhance the statistical power. Second, the quality of the case-control studies in this analysis was satisfactory and met the selection criteria with a wide representation. Third, no significant publication bias was detected through the qualitative funnel plot, which indicated that the conclusions are relatively stable and publication bias may not lead to an influence on the results of the present meta-analysis. In addition, studies using males with benign prostatic hyperplasia (BPH) as control subjects were enrolled. The reason for this inclusion was based on the assumption that BPH is a benign disease which has a similar probability for developing prostate cancer compared with normal prostate tissues. Previous epidemiological studies have provided no evidence concerning the association of increased BPH risk with VDR polymorphisms [50, 51] . Furthermore, the genotype distribution of the control population met the Hardy-Weinberg equilibrium in 23 of the studies.
In conclusion, this meta-analysis showed evidence that the VDR FokI variant may contribute to the risk for developing prostate cancer in a Caucasian population, but not with other descendents. Furthermore, there is a significant association between this variant and advanced prostate cancer. However, no association was detected in the overall analysis when all eligible studies were pooled into the analysis. Therefore, large, well-designed epidemiological studies, particularly referring to gene-environment interactions, are necessary to achieve a comprehensive conclusion of the association between VDR FokI polymorphism and prostate cancer risk.
